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Tém tit

Bai bao nghién curu qua trinh luyén kim trong
cong nghé ma kém nhing néng, dnh huong cua
nhiét do bé kém va cdc nguyén té hop kim t6i sue
hinh thanh cdc pha ciia [6p ma kém. Céc tam thép
cacbon co kich thwoc 20x20x5 (mm) dwgc lam
sach bé mat, sau dé dwoc nhung trong bé kém
nhiing néng ¢ cdac nhiét dp khdac nhau. Cic mau
ma sé duwoc kiém tra trén kinh hién vi quang hoc,
kinh hién vi dién tir quét (SEM) va do thanh phan,
chiéu day 16p ma. Két qua thu dwoc cho thdy, cdc
16 chikc pha dwege hinh thanh tinh tie bé mdt ngodi
vdo trong nén thép bao gom pha zeta ((), delta
(), gammal (') va gamma (T). Bén canh do,
chiéu day cua I6p ma ti I¢ voi nhiét do ma kém.
Chiéu day dat 81um & 450°C va tang lén 140um ¢
480°C, tuy nhién tang nhiét dg trén 510°C chiéu
day I6p ma giam xuong con 107um.

Tw ‘kh()a: Ma kém ’nhdng ryzo’ng, nhiét dé bé ma,
chiéu day 16p ma, t6 chirc te vi.

Abstract

This article studies the metallurgy of galvanized
coatings, the influence of zinc bath temperature and
alloying elements on the formation of phases in
hot-dip galvanizing. Carbon steel plates with
20x20x5 (mm) were surface cleaned, then dipped in
a hot-dip zinc bath at different temperatures. The
samples were examined using optical microscopy,
SEM and measured the composition and thickness of
the coatings. The obtained results show that the
phases were formed including zeta (), delta (9),
gammal (I'l) and gamma (') phases. The thickness
of the coating was proportional to the galvanizing
temperature. The thickness of galvanized coatings
was 8lum at 450°C and increased to 140um at
480°C, however; it decreased to 107um at 510°C.

Keywords: Hot dip galvanized, galvanizing
temperature, coating thickness, microstructure.

1. Mé dau

Lép pht ma kém nhiing néong dugc st dung rong
rdi trong cac linh vyc cong nghiép nhu 6 t6, dién gia
dung, két cAu xay dung, dong tau, do ching cé kha
ning chéng an mon tdt trong dicu kién lam viéc. Do
bén va kha niang chdng dn mon cia 16p phi duoc
quyét dinh boi chiéu day cua 16p ma kém, tic dong
rao can thtr cAp ciia cac san phdm phat sinh trong qué
trinh an mon kém hodc ngay ban than 16p phu kém
cling ¢6 vai trd nhu catot hi sinh ddi véi cac bé mit
thép bi 16 ra ngoai y mubn [1-3].

Trong qua trinh ma k&m nhing ndng, trén bé mat
tiép xuc giita thép ma va k&m nong chay s& xay ra
qué trinh luyén kim phirc tap, hinh thanh nén cac to
chtrc pha khac nhau ca vé thanh phan héa hoc, hinh
thai va cau trac. Theo tac gia Shibli ciing cong sy [4],
16p pht & gan bé mit ban dau nhat 1a cac pha lién
kim gamma (1) ¢6 cAu tric bee va gamma 1 ((7']) ¢6
kiéu mang fcc. Phia trén 16p nay 1a pha delta (5, +
J1p) két tinh véi cu trac mang phirc tap hep va tiép
dén 1a pha lién kim zeta (). Trong khi d6 pha eta ()
1a k&m nguyén chit & 16p ngoai cling cua 16p ma. Sy
hién dién cua cac pha va do day lop phu chiu anh
hudng cua nhiéu yéu td nhu nhiét d6 bé k&m, két cau,
chidu day bé mit thép ma kém va qua trinh xir 1y co
nhiét [5, 6]. Ngoai ra, anh hudng cua cac nguyén tb
hop kim c6 trong bé ma (Al, Sn, Ni, Bi,...), thoi gian
ngam trong bé, phuong phap va thoi gian lam mat
cling ¢6 vai trd quan trong t6i to chic té vi cia 16p
ma [4].

Tai Viét Nam, cong nghé ma kém nhing noéng
dugc bat dau nghién ctru va trién khai tir nhitng nam
1989 va da mang lai hiéu qua thiét thuc trong viéc
nang cao kha niang chéng dn mon, chit lugng ciing
nhu tudi tho cua cac cong trinh két céu thép [8].
Theo cac tai liu cong bd, nganh cong nghiép ma
kém cling duoc rat nhidu nha khoa hoc trong nudc
nghién ctru nhung chu yéu tap trung vao anh huéng
cua 16p ma tdi moi truong, cong nghé hodc giai phap
nham néang cao chét lugng 16p ma [8-13]. Trong khi
c4c nghién ciru vé sy hinh thanh céac pha trén 16p bé
mit va tac dong cla cac nguyén té hop kim trong bé
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kém t6i chét luong 16p ma con rat han ché. Do do,
muc dich ciia nghién ctru nay 1a tim hiéu vé qué trinh
luyén kim x4y ra trong qué trinh ma kém, phan tich
anh hudng ctia cac nguyén t6 hop kim trong bé kém
t6i tinh chat ctia 16p ma. Bén canh do, tac gia tién
hanh nghién ctru dnh hudéng cta nhiét do téi chicu
day cia 16p ma kém.
2. Thi nghiém

Vit liéu dugc st dung trong nghién ctu la thép
cacbon chat Iugng thuong co kich thudc 20x20x5 (mm)
(Hinh 2) vé6i thanh phan hoa hoc cho trong Bang 1. Quy
trinh ma k&m dugc dua ra trong so 6 Hinh 1.

Bing 1. Thanh phan héa hoc ciia mdu mg kém

Nguyén

E C S Mn Si P Cr
to

% 0,18 | 0,005 | 1,25 | 0,48 | 0,005 | 0,02

Céac mau dugc tdy nhon trong chat tiy rira co tinh
kiém, sau d6 ngam trong HCI 100-200 (/1) dé 1am sach
bé mit. Trude khi dua vao ti séy khd, cac mau duoc
nhiing trong ZnCl,/NH4C1 & 80°C. Sau d6, cac mau sau
khi xir Iy s& dugc nhing trong bé ma & nhiét do 450°C,
480°C va 510°C trong khoéng thoi gian 10 pht.

Vat licu |—>|

Ty diu ma |

| Xir 1y hoa chit |

'

| Rira sach |

San pham |<—‘

Ma kém |
Hinh 1. Quy trinh ma kém nhiing nong

Hinh 2. Méu sau khi mg kém

bé nghién ctru sy hinh thanh cac pha sau khi ma,
c4c mau duoc chyup anh to chtc trén kinh hién vi
quang hoc, chup SEM, do thanh phan va do chiéu
day 16p ma.

3. Két qua va thao ludn
3.1. Qud trinh luyén kim civia lop phii

Khi nén thép duoc ngdm trong bé kém long s&
xay ra cac phan ung khac nhau tuy thudc vao thanh
phan va cac chit hoa tan co trong thép. Trong do
cc pha co ban duoc hinh thanh dya trén gian d6
pha Fe-Zn (Hinh 3).

Céc t6 chirc pha trong gian d duoc hinh thanh khi
ngdm mau trong bé k&m trong thoi gian dai gdm pha
zeta ({), delta (6), gammal (I";) va gamma (7). Pha {,
FeZn3, c6 ham lugng sat khoang 5%-6% dugc hinh
thanh tir phan tmg giita pha delta (5) va chét long kém
& 530 + 10°C, chung thuong dugc tim thdy gitra pha
eta kém ty do () va pha 0. Pha th{r hai trong gian d6
la pha delta (9), FeZnjo, tuvong tng vai 7,0%-11,5%
trong luong sit, co cau triic mang luc gidc xép chit
phuc tap, dugc hinh thanh tir phan Ung gitra gamma
(I') va chat 1ong & nhiét d6 665°C. Pha Gammal (1),
FesZna, ¢6 cdu tric mang lap phuong dién tim véi
17,0%-19,5% trong lugng sdt & 450°C. N6 hinh thanh
do phan tng peritectoid (bao tich) gitta pha gamma
(I') va pha delta (6) & 550 + 10°C [1].
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Hinh 3. Giin db pha Fe-Zn [1]

Pha Gammal (I']) thudong xuét hién thanh timng
16p lién tuc gilra cac 16p 1" va J, va dugce tao ra khi
dun néng ¢ nhiét do thap trong thoi gian dai. Pha I’/
6 gia tri d6 ctimg vi md cao nhit trong tit ca cac pha.
Pha gamma (T), FesZny, c6 dang lap phuong thé
tam, chura 23,5-28,0% Fe ¢ 450°C. No hinh thanh do
phan tmg giira sat va kém long ¢ 782°C va Fe hoa
tan 16n nhat trong Zn ¢ 665°C [1]. So dd biéu dién
sy hinh thanh cac 16p pha trong bé ma kém nhung
noéng dugce dua ra trong Hinh 4.
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- v
Fe gamma

Hinh 4. So dé biéu dién sw hinh thianh I6p pha
Fe-Zn trong bé ma kém [1]

Hinh 5. Té chikc té vi ciia thép truwéc khi ma (gom
Ferit (a) va Peclit (P) (x200)

Nén thép

Hinh 6. Anh té chirc té vi ciia I6p ma thép (I - pha
gamma, 2 - pha delta, 3 - pha zeta) ¢ 480°C

* N thép

Hinh 7. Anh SEM ciia I6p ma thép & 480°C (x1000)
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Hinh 5, 6, 7 biéu dién t6 chuc té vi cua thép nén
va 16p ma kém. O trang thai ban dau, thép c6 hai to
chirc chinh 1a pha ferit (&) va Peclit (P). Khi tién
hanh ma k&m nhtuing nong, thép s€ tdc dung véi kém
noéng tao thanh cac pha khac nhau. Tinh tir 16p nén
thép ta co cac 16p hinh thanh trén bé mat gdm: Lop
sit bdo hoa kém, 16p pha gamma (7), 16p pha
gammal ((I']), 16p pha delta (9), 16p pha zeta (¢).

Trén thyc té, ving gamma /" va I'/ rat nho nén hai
ving nay thuong kho phén biét trén anh td chirc té vi.
Cac pha nay nim thanh mot dai mong trén nén thép,
c6 kich thuéc hat nho min va déng déu nhau. Pha
delta (5) c6 dang hinh cot phét trién thuong huéng wu
tién vudng goc véi bé mat phan cach. Lop lién ké véi
pha delta, pha zeta phét trién dang tru theo hudng
vudng goc véi 16p nén, tuy nhién & phia trén chung bi
phan tach ra khoi nhau bang k&m déong dic.

Bing 2. Chiéu day I6p ma

Bitmdo Miul | Mau2 | Miu3

(um) (um) (um)

1 81 142 115

2 82 140 102

3 80 139 110

4 83 138 103

5 81 140 105
Trung binh ~82 ~140 107

3.2. Anh hwong ciia nhiét dp téi thanh phin
va chiéu day 16p phii

Chiéu day 16p ma cta cac mau sau khi ma kém
nhing néng duoc do theo tiéu chudn ASTM A123 tai
5 diém trén mdi mau, két qua cubi cung dugc lay
theo gi4 tri trung binh. Bang 2 chi ra két qua chiéu
day 16p ma do dugc cho cac mau & cac nhiét do khac
nhau. Mau 1, 2, 3 tuong mg cac mau dugc ma &
nhiét d 450°C, 480°C va 510°C.

Chiéu day ciia 16p phu thay d6i dang ké khi thay d6i
nhiét ¢ ma. Khi nhiét d6 nho hon 480°C, chiéu day
cua 16p ma tang khi tang nhiét d9, nhung khi 16n hon
480°C, chiéu day 16p ma c6 xu huéng giam. Nguyén
nhén 14 khi & nhiét 46 khoang 480°C, pha zeta ({) c6 xu
huéng chuyén thanh dang hat va phan tach ra khoi cac
tinh thé zeta vudng goc vai chét nén, do do chiéu day
16p ma giam xudng. Theo gian d6 pha (Hinh 3), pha
zeta ({) 6n dinh t6i nhiét d6 510°C, tuy nhién, trong
thyc té diéu nay lai giam xudng. Diéu nay co thé 1a do
anh huong ciia cac nguyén t6 hop kim dugc dua vao
trong bé k&m. Khi thép duoc ngam trong k&m 1ong & bi
kém an mon va hoa tan cling voi cac nguyén td hop
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kim khac. N6 c6 thé thuc diy hodc giam bét su phat
trién cta cac 16p pha trong 16p ma kém.

3.3. Anh hwong ciia cdc nguyén té hop kim
trong bé ma kém nhiing nong

Bang 3 chi ra két qua kiém tra thanh phan thyc té
clia 16p phti cho cac mau & cac nhiét dd khic nhau.

Nhom duoe cho vao dé khir oxi ¢6 trong bé kém
nhung néng. Do nhém c¢6 do ap luc cao hon so véi
sat, do d6 thuong hinh thanh cac pha lién kim loai
nhu FexAls, FeAl; hodc FeAls. Nhdm va niken cé tac
dung trc ché sy hinh thanh zeta () khong mong mudn,
bao gdm nhiéu tinh thé nho va gion, ngoai ra thic
day su hinh thanh pha eta & 16p ngoai cung, gilp
tang cuong kha nang bao v€ dién hda va cai thién
chat luong 16p phi. Tuy nhién, do nhém ti do ¢ thé
khuéch tan 1én bé mat thép tao thanh 16p e ché
Fe;Als khong lién tuc trong qua trinh ma, hinh thanh
nén céu trac nd khong mong mudn [6].

Bing 3. Thanh phin héa hoc ciia l6p phii

Phét pho va luu huynh 1a hai nguyén té thudng
c6 san trong thép ngay tir giai doan san xuét thép.
Trong qué trinh ma kém nhing néng, phdt pho
duoc coi 1a nguyén t6 1am ting téc d6 hoa tan cia
sat, hinh thanh cic cac pha FesP & bién gidi hat.
Pha nay lam cham hodc ngin chian sy phat trién
ctia pha gamma (I + I'l). Khi lam lugng phdt pho
ting 1én s& thuc day sy hinh ting truéng cta pha
zeta, didu nay tac dong tiéu cuc t6i chat lwgng cua
16p ma. Do d6, phdt pho 1a chat khong mong mudn
trong qua trinh ma kém.

4. Két luan

Nghién ctru da chi ra sy thay di to chuc té vi 16p
ma kém nhung nong ap dung cho thép cacbon. O
trang thai ban dau, thép c6 hai t chirc chinh 13 pha
ferit (o) va Peclit (P). Sau khi ma, t6 chirc thu dugc
tinh tir 16p nén thép gdm 16p st bio hoa kém, 16p
pha gamma (7)), 16p pha gammal (7]), 16p pha delta
(9), 16p pha zeta (¢). Chiéu day cua 16p ma ti 1& voi
nhiét d§ khi ¢ dudi 480°C, dat 81pym & 450°C 1én

Chi dugc cho vao trong bé ma gitp han ché hoat
dong cua cac ion clorua bang cach twong tac véi
chung tao thanh chi - clorua. Pay 1a pha thu hai phan
tan trong cdu triic ngoai cua 16p phu, gitp ting kha
ning chdng dn mon cua 16p phu. Tuy nhién, chi la
mot chit ¢6 hai ddi véi moi truong nén ham lugng
cua chung bi han ché hodac cAm sir dung trong mot $6
trueong hop.

Pong 1a mot nguyén t6 dugc biét dén 1a co loi
cho su hinh thanh cua pha delta (§). Cac nguyén tb
ddng c6 thé déng vai trd nhu cac mam ky sinh, tao
didu kién cho sy phat trién cua pha nay. Ngoai ra,
trong bé kém con bd sung mot sd nguyén té nhu
cadmi va thiéc véi ham lugng rat nho. Cadimi l1a
nguyén t6 thic ddy sy hinh thanh pha zeta () va
gamma nhung can tré sy phat trién cta pha delta.

Thanh . . . 140um & 480°C, tuy nhién tdng nhiét do trén 510°C
phin Mau 1 (%) | Mau 2 (%) | Mau 3 (%) chiéu day 16p ma giam xudng con 107um.
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